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Supplementary figure 1 (related to figure 2): Short-term-depression of EPSCs is 

mediated by presynaptic mechanisms. A) Effect of cyclothiazide (CTZ; gray) on 

single evoked EPSCs (left) and on EPSCs evoked by 100 Hz stimulation trains 

(right). Control data is shown in black. Dotted lines (left) are exponential fits to the 

EPSC to determine the decay time constant. CTZ (100 µM) slowed the decay time 

course and increased the amplitude of an EPSC evoked by a single fiber stimulation. 

However, the STP induced by 10 successive fiber stimulations applied at 100 Hz 

appeared largely unchanged. B) Same as (A) but for the effect of kynurenic acid 

(Kyn; gray) on evoked EPSCs. Control data is shown in black. Although Kyn (1 mM) 

strongly suppressed the EPSC (Figure S2B), we were still able to resolve and 

analyze STD in these recordings. Overall, EPSCs were reduced to 29 ± 3% by the 

application of 1 mM Kyn (n = 14). C) Relative change of peak amplitude of the EPSC 

by CTZ and Kyn. CTZ caused a 1.29 ± 0.22 fold increase in EPSC amplitude (n = 11) 

D) CTZ application increased decay time constants from 0.6 ± 0.07 ms to 1.02 ± 0.1 

ms. E) Same as (D) but for Kyn. The decay time course of evoked EPSCs remained 

the same before and during Kyn application: 0.52 ± 0.03 ms and 0.53 ± 0.05 ms 

respectively. F) Normalized EPSC responses to 10 pulse stimulus train at 100 Hz for 



control and during application of Kyn or CTZ. Symbols: see inset. G) Steady state 

depression of 10 stimulation pulses at different frequencies. H) Kinetics into 

depression of the same stimulations as in (G). Symbols in (G) and (H) are the same 

as in (F). The change in EPSC kinetics due to CTZ was not sufficient to affect the 

overall STP (Figure S2F-G), because for all tested stimulation frequencies (20 to 200 

Hz; n = 8-11) no difference in the steady state depression (Figure S2G), or the 

kinetics into depression (Figure S2H), were observed. In addition, the STD, 

expressed as steady state and pulse dependent kinetic (Figure S2F, G; n = 8-14), 

was unchanged by Kyn. 



 

Supplementary figure 2 (related to figures 3 and 5): Confirming the size of 

excitatory fiber inputs to MSO neurons by classical minimal stimulation. 

To corroborate the large quantal content of fibers observed using our method of 

relatively large (10 V) changes in stimulus intensity we used a classical minimal 

stimulation paradigm on excitatory fibers. For these experiments a stimulator unit (A-

M System, Model2100, Science products, Hofheim, Germany) was used to deliver a 

200 µs bi-phasic stimulus, triggered from the acquisition software Patchmaster of the 

HEKA EPC10-2 amplifier.  Again, a monopolar stimulation electrode was used to 

evoke presynaptic action potentials driving glutamate release from incoming fibers. 

After establishing a stable stimulation site we changed the stimulation strength in 1 V 

steps (A, B). The frequency of the peak amplitude of the evoked EPSCs generally 

showed distinct peaks (C) that corresponded to different stimulation strengths (A, B). 

The distribution of the EPSC peak amplitudes was fit by a Gaussian to estimate the 

average amplitude of each stimulated fiber (C). We find that the average peak 

amplitude of all apparent fibers was 2.13 ± 0.64 nA (D, n = 5 cells, 17 fibers). The 

similarity of these values with the previous estimates of excitatory fiber size 

corroborates our assumption that the size of the current steps we see reflects the 

recruitment of individual fibers and not fiber bundles. 



 

Supplementary figure 3 (related to figures 3 and 5): Confirming the size of inhibitory 

fiber inputs to MSO neurons by classical minimal stimulation. 

To corroborate the large quantal content of fibers observed using our method of 

relatively large (10 V) changes in stimulus intensity we used a classical minimal 

stimulation paradigm on inhibitory fibers. For these experiments a stimulator unit (A-

M System, Model2100, Science products, Hofheim, Germany) was used to deliver a 

200 µs bi-phasic stimulus, triggered from the acquisition software Patchmaster of the 

HEKA EPC10-2 amplifier. Again, a monopolar stimulation electrode was used to 

evoke presynaptic action potentials driving glycinergic release from incoming fibers. 

After establishing a stable stimulation site we changed the stimulation strength in 

0.25 V steps (A, B). The frequency of the peak amplitude of the evoked IPSCs 

generally showed distinct peaks (C) that corresponded to different stimulation 

strengths (A, B). The distribution of the IPSC peak amplitudes was fit by a Gaussian 

to estimate the average amplitude of each stimulated fiber (C). We find that the fiber 

evoked with the lowest stimulation intensity had an average peak amplitude of 3.7 ± 

1.3 nA (n = 6 cells) and that the average peak amplitude of all apparent fibers was 

3.2 ± 0.8 nA (D, n = 10 fibers). The similarity of these values with the previous 

estimates of inhibitory fiber size corroborates our assumption that the size of the 

current steps we see reflects the recruitment of individual fibers and not fiber 

bundles.       



 

Supplementary figure 4: Summary schematic of pre and post-synaptic properties of 

excitatory and inhibitory inputs to MSO neurons. Calcium binding proteins are 

differentially expressed in brainstem nuclei and identify different input types 

(parvalbumin, PB; calbindin, CB; calretinin, CR); CB is a reliable marker for inputs 

from the MNTB. As well as having balanced STD profiles, the estimated total 

inhibitory conductance is similar to that for the minimal total excitatory conductance. 

Action potential initiation requires only 2-4 excitatory fibers (~90 nS). Coincidence 

detection in the MSO therefore requires only a minimal number of inputs, ideal for 

maintaining temporal precision.  

 


